A series of reports (Muller and R0rvik, 1958; Ross et al., 1962; Malmborg, Pernow, and Eliasch, 1962) has indicated that angina pectoris may be associated with a rise in left atrial pressure and in end-diastolic left ventricular pressure. Separately, over a greater number of years, there have been reports to indicate that audible sounds due to atrial systole are present during angina pectoris (Duchosal, 1932; Kincaid-Smith and Barlow, 1959; Weitzman, 1955; Parry and Mounsey, 1961) . Recently, an observation relative to the change in contour of the P wave in the electrocardiogram, involving the left atrial component of the P wave, in ischoemic heart disease has been described by Gross (1962) .
ventricular pressure. We are referring particularly to angina pectoris, a manifestation of ischemic heart disease, and not to left ventricular failure, to systemic hypertension, or to non-specific cardiomyopathies. We appreciate that abnormalities occur in these conditions also, but in this paper we are specifically discussing the single entity of effort pain, identified as angina pectoris and associated with ischmmic heart disease. We particularly stress that in this study and in a previous report (Benchimol and Dimond, 1962) we are not confusing angina pectoris with that condition that is usually described as left ventricular failure.
RESULTS

Fig
. IA illustrates the apex cardiogram recorded simultaneously with left intraventricular pressure and the phonocardiogram (mitral). The patient suffered from angina pectoris which was regularly provoked by exercise and relieved by nitroglycerin. The top left-hand tracing was recorded with the patient at rest, supine. Note the distinct fourth heart sound synchronous with the prominent atrial component of the apex cardiogram and the end-diastolic atrial wave form in the left ventricle. The end-diastolic pressure at the moment of atrial systole is 20 mm. Hg. Intraventricular systolic pressure is 160 mm. Hg. In the apex cardiogram the ratio of the "a" wave to the total amplitude of the apex cardiogram is 15 per cent. After mild exercise (raising from the supine 30 times) the following changes became apparent: increased loudness of the fourth heart sound synchronous with an increased atrial component of the apex cardiogram and a rise in the enddiastolic left ventricular pressure to 35 mm. Hg. The systolic intraventricular pressure remained at 160 mm. Hg. The over-all amplitude of the apex cardiogram at rest and after exercise cannot be compared because of adjustments of standard. Note, however, that the ratio of the atrial component to the total amplitude of the apex cardiogram has now increased to 32 per cent. Fig. lB demonstrates the effect of nitroglycerin in a patient experiencing angina pectoris. Four parameters were recorded, the praecordial electrocardiogram, the phonocardiogram from the mitral area, the apex cardiogram, and the left intraventricular pressure curve. In the left-hand tracing, the patient is supine and experiencing angina. Note the considerable amplitude of the fourth heart sound, the amplitude of the atrial component of the apex cardiogram (" a" wave to total amplitude ratio equals 31 per cent), and that the end-diastolic pressure in the left ventricle is 35 mm. Hg. The systolic intraventricular pressure is 150 mm. Hg. The right hand lower tracing was obtained five minutes after the sublingual administration of 1/200 grain nitroglycerin tablet. Note the disappearance of the fourth heart sound and the atrial component of the apex cardiogram, the very small atrial activity within the left ventricle, and the fall in the end-diastolic left ventricular pressure to normal. The ratio of the " a" wave to the total amplitude of the apex cardiogram is now 0, and the systolic left ventricular pressure has decreased to 135 mm. Hg. Table I gives measurements obtained from the apex cardiogram and left ventricular pressure *LVED=left ventricular end-diastolic; A-E interval=time interval from beginning of the "a" wave to the E-point of the apex cardiogram. While the "a" wave ratio does not give absolute values of LVED pressure, it does faithfully reflect the relative value and the direction of change in the LVED pressures. Note also that the "a"" wave ratio does not bear such a direct relation to any of the other parameters measured. curves before and after exercise, before and after nitroglycerin, and during and after venous tourniquets in a patient with classical angina pectoris: (a) control or rest period; (b) 30 seconds, 1 minute, 14 minutes, 2 minutes, and 4 minutes after exercise; (c) a second period of control observation; (d) 30 seconds, 1 minute, 2 minutes, 3 minutes, 4 minutes, and 10 minutes after 1/200 grain of sublingual nitroglycerin; (e) after 6 minutes with venous tourniquets on all four limbs, and (f) 15 seconds, 30 seconds, and 3 minutes after the sudden release of the four limb venous tourniquets. The ratio of the "a" wave to the total amplitude of the apex cardiogram is expressed in the second column, the left ventricular end-diastolic pressure as recorded by transaortic catheter is listed in the third column; the left ventricular early diastolic pressure obtained in the same manner is listed in the fourth column; the left ventricular peak systolic pressure is listed in the fifth column; the interval of time, expressed in seconds, from the onset of the atrial component of the apex cardiogram to the ejection peak (e-point) is listed in the sixth column; the total length of systole (from the moment of the onset of ejection until the closure of the aortic valve) is listed in the seventh column; and the heart rate is identified in the eighth column. Note the relation between the "a" wave ratio and the end-diastolic left ventricular pressure. For example, during the control period the "a " wave ratio is 24 per cent and the left ventricular end-diastolic pressure is 30 mm. Hg. Ten minutes after a nitroglycerin tablet the "Sa" wave ratio is 10 per cent and the left ventricular end-diastolic pressure is 10 mm. Hg. Note that a similar effect is obtained from the placement of four limb venous tourniquets, namely an "a" wave ratio of 11 per cent and a left ventricular end-diastolic pressure of 10 mm. Hg. When the venous tourniquets are suddenly released the "a" wave ratio increases to 19 per cent and the left end-diastolic pressure to 20 mm. Hg. Note that left ventricular systolic pressure and heart rate cannot be directly correlated. Note also that the a-E interval and the length of systole have a rough variation but do not correlate as well as the "a" wave ratio and the left ventricular end-diastolic pressure.
CONCLUSION
The relation between the amplitude of the atrial component of the apex cardiogram and the left ventricular end-diastolic pressure suggests that use of this indirect, precordial procedure may offer a safe, rapid, reproducible, inexpensive method of documenting the presence of end-diastolic left ventricular pressure rise, and may decrease the dependence upon the complicated intraventricular pressure measurements, thus making it easier to study, to recognize, and to treat ischxmic heart disease.
